peutic drug (Chiu et al. 2009; Tabolacci et al. 2010; Mahbub et al. 2013 ).
The aim of this study was to determine the cytotoxic and apoptotic/necrotic activity of various types of A. vera leaf extracts and AE in a type of skin cancer, B16F10 murine melanoma relative to normal fibroblast cell line (NIH3T3 mouse embryogenic fibroblast cells) and to investigate the underlying mechanisms. Cell viability was assessed by trypan blue and cytotoxicity experiments were done using [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (MTT) assay. A. vera extracts and AE and as positive control Imatinib (IM) were tested at different concentrations. Apoptosis and necrosis induction was monitored by flow cytometry using the Annexin V-FITC/ propidium iodide (PI) kit.
MATERIALS AND METHODS
Cell lines and cell culture B16F10 murine melanoma cells (Department of Pharmacology, Akdeniz University School of Medicine, Antalya) and NIH3T3 mouse embryonic fibroblast cells (Department of Physiology, İstanbul Faculty of Medicine İstanbul University, İstanbul) were cultured in IMDM (Iscove's Modified Dulbecco Medium, Sigma-Aldrich) containing 10 % heated-inactivated fetal bovine serum (Capricorn FBS-12A) with 100,000 U/L penicillin and 100,000 µg/L streptomycin (Gibco 15140-122) , at 37°C, in a humidified atmosphere of 95 % O 2 / 5 % CO 2 . In order to reach the sufficient cell number for tests, cells were passaged after reaching 80% monolayer confluency. Cells were harvested gently by 0.25% trypsin (Merck)/EDTA (Chem Cruz) solution. Cells were sub-cultured every 2 or 3 days.
Plant material
Specimens of A. vera (L.) Burm. f. (Xanthorraceae; in Turkish Sarisabir) were collected from Kale (Demre) in Antalya (May 1993), identified by Prof. Dr. Nurhayat Sütlüpınar and cultivated since this date in the greenhouses of the Faculty of Pharmacy and further in İstanbul University Alfred Heilbronn Botanical Garden. A voucher specimen was deposited in the Herbarium of the Faculty of Pharmacy, ISTE No. 65118. The fresh leaves of this cultivated plant were used in the study.
Preparation of extracts
Four types of extract were prepared separately from A. vera leaves: Aqueous extract of fresh leaves, gel extract (AVG), methanol extract of fresh leaves and methanol extract of dried leaves.
Preparation of aqueous extract of fresh leaves and gel extracts
Freshly chopped A. vera leaves, were washed carefully with water and dried with filter paper (Whatmann 41) to remove dust and foreign materials. Then the washed leaves were longitudinally split in two, the gel (198.74 g) was separated by scraping with a spoon and homogenized in a Waring blendor. The remaining leaves (leaf skins 171 g) were cut in small pieces, homogenized in a Waring blender with 855 ml distilled water, filtered through cloth and then the filtrate was centrifuged (Thermo) at +4°C, 12 000 rpm, 15 min. The supernatant was lyophylized (11.57 g) and considered to be A. vera aqueous extract of fresh leaves. The gel was filtered through cloth and then filtrate was centrifuged at +4°C, 10 000 rpm, for 30 min. The supernatant was lyophylized (4.63 g) and considered to be A. vera gel extract (AVG).
Preparation of methanolic extracts of fresh leaves and dried leaves
Fresh leaf skins (33.67 g) were dried in ventilated oven at 60°C, 2 h. The dried samples were then ground to obtain powder which was stored at room temperature in the dark until extraction. The obtained dried leaf skin (4.25 g) and fresh leaf skin (73.4 g) were extracted separately with methanol for 3 days using Soxhlet extractor until complete extraction. After extraction, the samples were filtered with filter paper (fresh leaves filtrate 260 ml, dried leaves filtrate 143 mL). The methanol solvent was evaporated using a rotary evaporator under pressure for 30 min resulting in a semi solid crude extract and considered to be (3.32 g) A. vera methanol extract of fresh leaves. The same procedure was performed after drying leaf skins at 60°C for 2 h in an oven and considered to be (1.17 g) A. vera methanol extract of dried leaves.
These four different extracts prepared as described above were conserved at -20°C until further use. AE (1, -anthraquinone) was purchased from Sigma-Aldrich (St Louis, MO, cat no. A7687). A. vera extracts (10 mg/mL) and AE (20 mM) stock solutions were prepared in dimethyl sulfoxide (DMSO was spurchased from Sigma-Aldrich, D2650), aliquoted and stored in the dark at -20°C till use, then diluted with medium. The reference chemotherapeutic drug Imatinib (IM) was purchased from Santa Cruz, 10 mM stock solution was prepared in DMSO; aliquoted and stored in the dark at -20°C till use, then diluted with medium (see below); the final concentration of DMSO in medium was less than 1 % (v/v).
Preparation of test materials and reference drugs

Trypan blue exclusion assay
The total number of viable cells was determined at each time point by the trypan blue exclusion test (Strober 2001). Exactly 10 μl of cell suspensions were stained with an equal volume of trypan blue [0.4 % in 10 mM in phosphate buffer saline (PBS)] for 1 min. Then the numbers of viable cells were counted with Neubauer Chamber by light microscopy (Olympus). Cells that retained a blue colour were considered as dead cells.
MTT colorimetric assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay was used to screen for cytotoxic activity (Mosmann 1983) . For this purpose 96-well plates were used and the assay was done in a total volume of 100 μl. Briefly, 10 μl/well of varying concentrations of A. vera extracts and as positive controls: IM (0.5 -100 µM) and AE (10 -100 µM) were added and subsequently the cells (90 µl/well; 10 5 cells/mL culture medium) were seeded to treat for 72 h. In addition, 90 µl cell suspension and 10 µl medium were added to control wells. After the aspiration of the supernatant (50 µl/well), and subsequent incubation with MTT (Sigma-Aldrich) solution (10 μl of 5 mg/ mL PBS) at 37°C for 3 h, cells were lyzed with 100 μl DMSO. Absorbance was measured at 570 nm using a ELISA microplate reader (Rayto RT-2100C). The percentage of viable cells (VI) determined with the equation (1): VI = (Absorbance of the treated cells ÷ Absorbance of the control cells) ×100 (1) The cytotoxic concentrations of extracts that provides 50% inhibition of cell growth (IC 50 ) were calculated from a dose-response curve. The cytotoxic effect of A. vera extracts and controls were evaluated by comparing the IC 50 values of cell lines.
Flow cytometry analysis
Normal, apoptotic, and necrotic cells were distinguished using an Annexin V-FITC/PI assay kit (Millipore) according to the manufacturer's instructions. For this purpose a 6-well plate was used and the assay was done in a total volume of 2 mL. The three groups of cells (two untreated control cells group: to apply and unapplied Annexin V-FITC/PI for one test group; 1800 µl/well; 10 5 cells/mL culture medium) were seeded in a final concentration of IC 50 (200 μl/well) of AVG and AE. Subsequent to culture at 37°C with 5% CO 2 for 72 h, the cells were harvested by trypsinization. Trypsinized and loose cells were then combined and pelleted by centrifuging at 2 000 rpm for 10 min. The pellets were resuspended and washed with PBS, then resuspended in 100 µl of Annexin Binding Buffer (4X) and stained with 3 µl Annexin V-FITC, 2 µl PI. The cell suspension was incubated for 45 min at room temperature in the dark. The cell suspension was then immediately analyzed by flow cytometry. Cell Quest software was used to analyze 10 4 cells. Acquisition of samples were determined with a FACS Calibur flow cytometer and analyzed with CELLQUEST software (BD Biosciences).
Statistical Analysis
The results were statistically analyzed using the independent Student's t-test. Data were represented as means ± standard deviation (S.D.) and at least in triplicate. Results were considered significant with p<0.05 (*), p<0.01 (**) and p<0.001 (***).
RESULTS
Among the four extracts studied, aqueous extract of fresh leaves and AVG has been shown to have selective cytotoxic effect on B16F10 cells in comparison to NIH3T3 cells with a higher IC 50 level in the same concentrations. Cytotoxic effect of both methanol extracts was lower than that of aqueous extract and AVG (Table 1) .
In vitro cytotoxic effects of A. vera extracts (62.5, 125, 250 μg / mL) on B16F10 murine melanoma cells in vitro was as follows in decreasing order: aqueous extract of fresh leaves > AVG > methanol extract of dried leaves > methanol extract of fresh leaves (Figure 1a) . No data on the IC 50 value of IM for the B16F10 murine melanoma cells was found in the literature. In our study, IM was more cytotoxic to NIH3T3 cells in comparison to B16F10 cells (Table 1, Figure 1b) . The IC 50 for AE for B16F10 murine melanoma cells was reported to be 60 μM (Tabolacci et al. 2010 ). In our study, similarly, the IC 50 value for B16F10 murine melanoma cells of AE was found to be 68.48±9.85 μM ( Figure  1c) . AE was found to be more effective in B16F10 cells than IM (120±7.41) ( Table 1) .
In vitro cytotoxic effects of A. vera extracts (100, 200, 300 μg /mL) on NIH3T3 mouse embryonic fibroblast cells in vitro was as follows in decreasing order: methanol extract of dried leaves > AVG > methanol extract of fresh leaves > aqueous extract of fresh leaves (Figure 2a) . No data on the IC 50 value of IM for NIH3T3 mouse embryonic fibroblast cells was found in the literature. In our study, the IC 50 value of IM for NIH3T3 cells was found to be 100±2.11 μM (Table 1, Figure 2b ). Either, no work on the in vitro cytotoxic effect of AE on NIH3T3 cells was found. In our study, the IC 50 value for AE on NIH3T3 mouse embryonic fibroblast cells was 36.68±1.83 μM (Figure 2c ).
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As seen in Figure 3a , the control group B16F10 murine melanoma cells showed 7.59% early apoptosis, 1.55% late apoptosis and 5.04% necrosis. Early and late apoptosis rates in B16F10 murine melanoma cells treated with AVG were 13.98% and 22.40%, respectively, while necrosis rate was 2.22%.
As shown in Figure 3b , early and late apoptosis rates in B16F10 murine melanoma cells treated with AE were 2.81% and 0.39% respectively, while necrosis rate was 21.25%.
For NIH3T3 mouse embryonic fibroblast cells treated with AVG, the control group showed 26.30% early apoptotic and 21.63% late apoptotic cell ratio. It is an important finding that, treatement of NIH3T3 mouse embryonic fibroblast cells with AVG retract the dead cell ratio to 8.49% and 19.66% (Figure 4a, b) .
The dose dependent and selective cytotoxic effect of AVG treatment on B16F10 murine melanoma cells compared to NIH3T3 mouse embryonic fibroblast cells were also proved by the microscopic visualization (Figure 5a, b) .
DISCUSSION
A. vera is often called the "Natural healer". Aloe gel is excellent for healing burns, releives inflammation and accelerates healing (Nandal and Bhardwaj 2012) . It has also been demonstrated that the plant has a prophylactic effect if used before, during and after skin damaging events. The polysaccharides, mannose-6-phosphate and complex anthroquinones all contribute synergistically to the benefits of the plant (Dweck 2002 ).
Skin cancer is an increasing threat to humans because exposure to chemical carcinogens as well as UV irradiation increases day by day in the modern world. Studies about the anticancer effect of A. vera gel and leaf extracts have been undertaken on different cancer types in vivo (Corsi et al. 1998; Akev et al. 2007 ; Naveena Bharath and Selvasubramanian 2011) and cell lines in vitro (Al-Oqail et al. 2016) . In another study, it was stated that A. vera protects mice against DMBA/croton oil induced skin papillomagenesis (Saini et al. 2010) . Literature on the effect of aloe extracts on skin cancer are scarce. Only one study was found on the effect of A. vera extract on B16F10 melanoma
Istanbul J Pharm 47 (3): 77-83 cells (Chandu et al. 2012 ). To our knowledge, this is the first study dealing with the mechanism of AVG and AE cytotoxicity. In this study, the mechanism of AVG cytotoxicity on B16F10 murine melanoma cells was found to be related to apaptosis while that of AE was necrosis. On the other hand, we can say that, in NIH3T3 mouse embryonic fibroblast cells, treatment with AVG, increased the percentage of viable cells by delaying apoptosis. This result could be considered in accordance with the use of aloe gel in cosmetics and in alternative medicine for centuries as a preservative or antiaging product. We can also suggest that the anticancer effect of aloe gel is better than that of the purified substance AE in terms of apoptotic/ necrotic mechanims.
Aloe emodin, one of the main constituents of the plant, is in turn suggested as a novel anticancer drug (Ahirwar and Jain 2011; Yordanova and Koprinarova 2014) . In terms of skin cancer, AE significantly stopped the proliferation process of irradiated keratinocytes (human skin cells). This confirmed Aloe's benefit in halting the progression of tumor formation after radiation by the sun (Popadic et al. 2012) . The apoptotic effect of AE was demonstrated in T24 human bladder cancer cells through the p53 dependent apoptotic pathway ) and also in human gastric carcinoma cells (Chen et al. 2007 ). In our study, the IC 50 value for B16F10 murine melanoma cells of AE was found to be 68.48 ± 9.85 μM similarily to the results of (Tabolacci et al. 2010 ) which was reported to be 60 μM.
The well documented immunostimulant effect of the plant leaf extracts (Im et al. 2010; Srivastava et al. 2014) as well as their antioxidant activity (Ozsoy et al. 2009 ) could also have had an influence on the selective cytotoxic effectiveness.
CONCLUSION
The benefits of A. vera extracts and aloe derivatives on skin as well as their demonstrated anticancer properties, makes the plant a good target for studies on skin related diseases and skin cancer. We have demonstrated in the present study the cytotoxic effect of A. vera extracts and AE and their apototic/ necrotic mechanisms, on a skin cancer cell type. No difference was observed between the cytotoxic effects of aqueous and methanolic extracts as well extracts obtained from fresh or dried leaves. A. vera gel and AE are thus potential targets for anticancer drug research.
